This review summarizes measurements made of 152Eu and 60Co radioactivity induced by neutron radiation from the Hiroshima atomic bomb (A-bomb) with the goal of estimating the neutron dose released by the bomb. Prior to these measurements, A-bomb-irradiated specimens such as rocks and pieces of concrete, which had not been shielded were collected. The specific radioactivity obtained (in bequerels per gram of Eu or Co) were compared with those calculated from DS86 neutrons. Findings of usefulness of 152Eu data within 700 m ground range are reported and systematic differences between measured activities and calculations are discussed. The 152Eu data were also useful for the discussion of circular asymmetry, and there was no asymmetry within the experimental errors. This review also covers the similar difference found in 32P data, which were measured immediately after the A-bomb, along with the other 152Eu and 60Co data. The need for more measurements of 152Eu activity in samples farther away from the hypocenter in order to verify the DS86 calculations is also discussed.
INTRODUCTION
Atomic bomb (A-bomb) doses in Hiroshima and Nagasaki have previously been estimated by Japanese and American groups, and recently a new dosimetric system based on the reevaluation of A-bomb doses (DS86)t°2) was proposed. Organ doses for each survivor were based on Monte Carlo calculations. The DS86 estimates are now being used instead of the tentative 1965 doses (T65D)3) in the analysis of cancer induction and other effects in A-bomb survivors. The revision of Hiroshima DS86 air kerma was rather large with about a factor of 10 decrease in neutron dose and a factor of two increase in gamma ray dose at 1500 m from the hypocenter.
DS86 resulted from an extensive study of computer simulations based on various data obtained by American groups, whereas most Japanese groups measured A-bomb-irradiated specimens such as building tiles and roof tiles, rocks and iron to calibrate or confirm the computer calculation.
The specimens of building tiles and roof tiles were used for gamma-ray dose estimation and the rock and iron specimens were used for neutron dose estimation. Hashizume et al. 4 ) and Nakanishi et al.5) found neutron-induced 60Co and 152Eu activities, respectively, and Okajima and Miyajima6) continued these measurements. In Hiroshima,60Co and 152Eu were also measured by Hoshi et al.7), Kato et al.8'9), Takeshita et al.10) and Hoshi and Kato"). In recent studies, Hasai et al. 12) and Hoshi et al. 13 ) measured 152Eu activities. In addition, Kato and colleagues in West Germany 14,15) detected thermal neutron-induced 36C1 in granite rock samples.
The present review summarizes the 60Co and 152Eu activity measurements 7-13) in Hiroshima.
(See reference 7-13 for further details about the measurement methodologies). 
MATERIALS AND METHODS

Samples
The locations where samples were collected for60Co and 152Eu measurements are shown in Fig. 1 . The selected samples satisfied two criteria: (1) the location of each sample was clearly known, and (2) each sample was directly exposed to the A-bomb, i.e., it was not shielded by other materials. These two conditions are mandatory for obtaining complete data for a detailed consideration of A-bomb neutron fluences. The samples consisted of four types of materials: iron, granite, concrete, and building or roof tiles. The hypocenter identified by Hubbell et al . 16) (U.S. Army Map Service, series L902, plate number 138,449) was transcribed to the new map of Hiroshima city as indicated in Kaul et al. 17) . The location of the hypocenter on the new map was used, with the latitude and longitude located at the east-west and north-south coordinates 26 .7350 and -178.399517), respectively. The locations of the samples were determined using this new map. Two types of samples for neutron dose estimation were collected: (1) surface samples, cut to about 1 cm deep, and (2) inner samples, which were used to determine depth-yield relationships. The surface samples allowed measurements of thermal or epithermal neutron fluences on the ground surface in order to assess the reduction of these findings due to ground range and the circular asymmetry of the A-bomb radiation',",").
For this purpose many A-bomb-irradiated iron rings, granite tombstones and roof tiles were collected. The roof tiles were used to determine fast-neutron spectra from the differences in depth yield curves by their energies 12). For this purpose, iron samples from the Aioi bridge"') (5-cm thick) and granite samples from the Motoyasu bridge pillars (82-cm deep and 82-cm wide) were obtained 12). Figure 2 shows, for example, the geometry of the pillar of the Motoyasu bridge from which sample cores (one of them was 7 cm in diameter and 82-cm long 12)) were obtained. The geometry of the steel bridge is indicated in the ref erences8"l1)
Sample preparation and measurements
The iron samples for the 60Co measurements were collected by cutting iron plates from the bridge girder and iron rings used to fix ropes from the inner side of railings on the roof of concrete buildings. The iron samples from the bridge girder were about 1-cm thick and 3 cm x 3 cm square. Samples for 152Eu measurements were collected by stripping the walls of concrete buildings and tombstones to about 1 cm in depth from the sides and tops , respectively. The iron samples were measured directly without any special processing; the granite samples , however, were crushed to a size < 100 mesh. These samples were measured using a germanium detector under low background shielding 12). Figure 3 shows the 122-keV gamma-ray spectra with the highest intensity of 152Eu gamma rays. To calibrate the absolute efficiency , a known amount of 152Eu activity was added to the samples. To assess specific activities, components of stable Co and Eu elements were determined by activation analysis and chemical analysis. Thus , specific activities, such as the ratios of 60Co/Co, 152Eu/Eu and 154Eu/Eu, were obtained . Nuclear data such as half-lives, gamma-ray intensities per decay, cross-sections for induction of the activities and so on were mainly taken from Lederer and Shirley' 8 , and precise methods and procedures are indicated in the references 13) Figure 4 shows measurements made of the iron rings from the roofs of concrete buildings and the pieces of iron plates cut from the Aioi bridge girder, and indicates the different specific activity between the iron rings and the plates. These differences may have been due to backward irradiation of the iron rings by thermal neutrons. Since their measurements did not separate out whether the radiations were from induced activities or fission products, their results may include radiations from fission products. However, levels of fission product radiation were almost negligible20'22).
Therefore, their results indicate neutron-induced activities in soil elements. They reported distorted isoexposure contour maps, but their distortions do not mach. However, another recent paper 13) shows no such distortion within the experimental error. Figure 9(a) shows the ratios of calculated-to-measured 152Eu yields as a function of distance. The 152Eu yields were measured by several authors 9,10'23,2x), and specific activities were determined. These 152Eu data are plotted in Fig. 9 and are consistent with those of Hoshi et al. 13) Nakanishi et al .,S26) measurements were made at >1000 m from the hypocenter. The 60Co data by Hashizume et al.24 ) discussed previously by Loewe et al.23) are also shown in this figure for comparison. Concerning the dependence on the ground range, it seems that the 152Eu and 60Co data have a similar trend:
i.e., the calculated values are larger (smaller) than the measured ones at the shorter (longer) ranges, respectively.
The ratios of calculated-to-measured 32P activities are shown in Fig. 9(b) . These data and calculations are taken from the DS86 study 1,2). Figure 9 (b) shows a similar trend to those data in Fig. 9(a) . The activations of europium and cobalt are mainly contributed by low-energy neutrons, while the 32P activity is produced only by the fast neutrons with energies greater than about 2 MeV. The similarity of the deviation for 152Eu, 60Co and 32P activities suggests a linkage between high and low-energy neutrons.
It is important that samples from 1000-m to 2000-m ground distances are collected and processed for 152Eu measurements. Systematic differences between 152Eu/Eu data and calculations based on DS86 should be confirmed by these data. In addition, similar discrepancies between measured and calculated values for other 60Co, 152Eu and 32P data were observed. This systematic difference between the experimentally obtained data and the calculation should be explained. 
